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THE EFFECT OF SPINHﬁR—BODY GAP ON THE PRESFQRES AVAILABLE
FOR COOLING IN THE NACA B-TYPE COWLING

mEG

By John Y, Beclker and Liel T, Hattson

SUMMARY

Tests of a 1/3—scale model of an NACA E~type cowling
were made 1an the 8-~foot high—speed tunnel for the purpose
of determinlng the effect of the gap between the skirt of
the hollow &pinner and the cowlling proper on the pressures
available for cooling. It was fournd that even a large gap
(0.096 in. on the model) had no appreciable effect on the
avallable cooling nressures.

INTRCOUCT ION

The NACL type—E cowling has a hollow spinner through
which the engine cooling air is admitted. The propeller
hud and blade shanks are covered by an inner spinner and
falrinzs that also serve to provide bdlower actlon for the
ground and climd cooling conditions. A princiral charnc—
teristic of the cowling 1s 1ts external shape, which per—
mits the atta*nment of wery high eritical compressibility
speeds, provided an inlet veloclity of 0.4 free stream ve—
locity or greater 1s maintalned., The external lines of
the cowling were obtalned from nése shape B of reference
1. Mlodels of this type of cowling were deslgned and
tested in the lnvestigations described 1n references 2
and 3, A photograph saowlng the general arrangement of
the E—cowllng spinner employed in the present tests. is
shown in figure 1,

Two general methods havd been suggested for design—
ing the spinner—body gap for the E cowling. In one method
the gap 1le made very small and the flow passage 1ls re—
stricted by sceals or labyrinthe 1n order to reduce the alr
flow to a miaimum., Thils deslgn obvliously presents manu—
facturing difficulties and the flow restrictions cause
enorgy losses 1n the gap flow. In the seoond method the



gap 1s designed a8 an aerodynamically efficient alr out—
let, shaped to make both the internal and external flow
losses at the gap as small as possible. As no attempt is
made to keep the gap sisze very small and no restrictions
are placed in the path of the flow, this design is simple
to manufacture. This second arrangement, however, has
been guestioned on the grounds that the presence of a
relatively large unobstructed gap might adversely affect
the pressures available for cooling in thoe main’ body of
flowe The present investigation was therefore undertaken
to determine the effect of gap size on the available
cooling pressures,

The offects of gaps of two sizes on tho pressures
available for cooling were moasurcd, For comparison the
pressures avallable with gap sealod were also determined,
The data areo analyzed and discussed in some detaill with
the intontion of clearing up sevarsl misconcoptions that
have oxisted rogarding tho effects of the gap,

SY4BOLS
A area
H total pressure
AH 1loss in total »ressure across-spinner
v volocity of air streanm
n propeller rotational sweed
D propellor diameter

p air density

d i s p st
qQ ynamic prossuro 5P /

Cp thrust coofficiont /ihlﬂii\'
\ pnad% /
Q - flow quantity
Subscripts?
0,1,2 stations in flow systom shown in figure 2

g condition with gap opon

8 condition with gap sezled
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P e - PLOVW RELATIONS

Figure 2 representes the streamlines of the flow
entoring tho cowling for the gap—open and gap—sealed
con¢itions, Inasmuch as the flow quantity required for
enginoe cooling ies tho same for each case, the stream—
tube area (A4, on fig, 2) far shead of the. cowling cor—
rosponding only to the cooling—air flow must be the same
for each gap condition, It is shown in reference 4 that
the pressure bdullt up at station 2 1n front of the engine
depends solely on the ratio Ay/A; for a given flight
speed and diffuser loss. In the case of the present
tests, thie ratio 1s constant for all gap openings and
the pressures avallable at station 2 willl thus be the
same regardless of gap size. Any effect of the gap on
the pressure at station 2 must therefore srise from one
of the following secondery considerations, which were
neglected in the tests of reference 4.

l. The total flow guantity 1n the spinner 1is greater
for the gap—open case because of the flow through the gap.
The skin—friction and diffuser losses within the spinner
will thus be somevhat greater wlth the gap open.

2, Tho suctiorn of alr through the zap could conceilv-—
ably improvo the diffuseor efficiency of the spinner
through a faveradlc doundary—layer control action.

The incroased spinner—diffuser loss with the gap
open (item 1) can be evaluated on the assumption that the
spinner losses vary as the square of the flow guantity,
That is,

3

AH, = AHg %—f) (1)

Bffects due to suction of the dboundary layer through
the gap (item 2) can be eovaluated only by exporimental
mothods, )

It 1g clear from the foregolng discussion that any
adverse offect of the spinner gap on the avalilabdle cool-
lng pressurces will be rostricted to an lncrcase in .the
skin—friction or separation losses in the spinner ltself.
Becauso the guantity of air passing through the gap is
semall in reletion to the total flow, and because the skin-
friction and separation losses in the spinner are usually
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also small, any adversse effect of the gap will obviously
be very slight. : .

HODEL TESTS

The model ‘employed in the tests was dosigned for pro—
liminary testing of propellers at high forward spoeds. In
order that the propeller fhrust at very high speods be
accurately measurod, it was roquired that the body drag bo
low. As the critical speeds of conventional cowling forms
are considerably below the maximum test speeds attainable,
it vas necessary o employ sn E-tyre cowling. The interior
design of the cowling was governed by the model propeller- -
hud dimensions and the motor installation. XNo attempt was
nade to simulete an air—cooled engine installation or to
gsecure high efficiency for the internal flouw. The blade—
shanix fairirgs, for erxamnle, were not streamnline sectlions
but terminated at the rear of the epinner vhere theilr
thickness was 3} incktes. ¥Figure 3 shows tle general
errangemezt of the model and spinner. The external lines
of the model were sinilar to the basic fuselage shape of
the nodel tested in reference 2, The bulze on the bottom
of the cowling shown in figure 3 represents additional
space for ducting auxiliary air nnderneati the engine, a®s
explained iIn reference 2.

The tests consisted of the measurement of pressures
in a furvsy plane 1 inch behind the spinner. A 10-tube
rake of static— and total—pressure tubes wes employed.
Tests were made with the gap sealed, with a 0.034—inch
gap, and.with a 0.096—inch gap. Runs were made with the
spinner both stationary and rotating at a V/nD of 1.66
(basod on the propeller diametoer, 4 ft;. In the runs with
the spinner rotating, the gep—sealed condition was attained
through the use of a lubriceted leathor sezl, Additional
data pertinent to the gap tests are tabulated as follows:

Test speed, V, miles per Hour . . « o« « o o o o & » 135
Dynazic pressure, g, pounds por sguare foot . . . . 39.7
V/aD for rotating—spinner rune . . + « o s o o o « 1,66
Propeller diameter, D, feebt . o+ « ¢« ¢« o « o o o o =« 4
Inlet velocitry ratio, V3 /T . . . ¢ o ¢ o = « =« « o 0.85
Inlet erea, A,, square feet « « « « « ¢+ o ¢ o o o o 0.367
Duct area at survey plane, square feot . « ¢« ¢« . » 0.557
AHfg .(for V/oD = 1.66) o « o« =« o« o « o o« o« s« o « » 0,10
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The V/aD of 1,66 for the rotating-spinner runs
corresponds to the climb flight condition in which the
spinner blades produce an appreciable thrust and theredy
increase the duct pressure at the gap. The value of
Cp (= thrust/pn2D¥) for the spinner was 0.0016 based
on the 4-foot propeller diameter.

In the run vwith. operating propeller, the increased
pressure behind the propeller (due to the high thrust
coefficient at which it was operating) reduced the amount
of air flowing through the internel system. Thus, as
indicated by equation (1), the spinner diffuser loss vas
correspondingly less than in previous runs, In order
thet a direct comparison with the other data could be
made, the data with propeller operating were corrected
by equation (1) to the same flow rate as the rate with~
out propeller. The flow quantities were determineé from
duct~velocity data computed from the rake survey measure~
ments.

A further correction was required for the propeller
run beceuse of the change in the angle of the flow
impinging on the tubes of the survey rake. Owling to
the reduced axial component of the duct veloclty, the
twist of the air leaving the blower was greater for the
propeller run than for the runs without the propeller.
This increased angularity affected the readling of both
the total~ and static-pressure tubes. The angle change
vag computed from the blower torque and the correspond-
ing pressures were corrected by the use of calibdration
data for the tubeos.

There was virtually no variation in the flow quan~
tity passing through the cooling ducts for the several
gap arrangements, and no corrections ware required for
any of the data ezcept in the propeller run.

PEST RESULTS

The results are presented 1n tablo I as lncrements
of the avorage total pressure at the survey plane. A
positive incremsnt indicates that the total pressure was
greastar with the gap open than with 1t closed. Table I
shows that., for constant-flow quantity through the cooling-
air duct, the net effect of the gap was to increass
slightly the pressure avallable for cooling. Just the
opposite effect might have been predloted in view of the
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fact that, with constant cooling—alr flow, the flow guan-
tity through the spinner is greater with the gap open
than with the gap closed. It is clear that the flow
through the gap must have a bencficial effect on the dif-
fuser efficiency of the spinner which more than nullifies
the increased skin-friction losses.

For the purpose of evaluating this favorable boundary-~
layer—~control effact, ths pressure-~loss data were caorrected
to the condition of constant flow quantity through the
spinner rather than through the cooling-air ducts. Equa-
tion (1) was wsed to accomplish this correction. The
data so corrected should indicate the magnitude of the
boundary~layer~control effect since, with constant—flow
quantity iz the spinner, the gkin-firetion and separation
losses are identical for all gep conditions except for
the suction action 6f the gaps. These results are also
shown in table I. ‘fith the largost gap, the favorable
effect amounts to about 25 percent of the over-all loss
in total pressure through the spinrer (AH = 0.10q). This
oeffect is great enough t0 warrant furthsr investigation.

In e spinner with largzar area expansion ratios and larger
diffuser losszes, proportionately larger gains from the
gap might be possiblo.

GAP DESIGH

Both the analytical considerations and the test
results make it evident that there is no necsssity for
making the gap size very small. A gap 1/4-inch wide,
full scele, can havs no approciable aiverse effect and
may have a slightly favoreble effect. .

The gap should bo made so that the air may pass
through it with a minimum of lost energy. An attompt
to aline the outlet flow with thes external-flow lines
over the spinner should be made aild the cowling lines
necr the gap should be slightly undercut bolow tha bdasic
contour in order to prevant £ local peak in the pressure-
digtribution curve. iFigure 4 ghovs a sketch of a sug-
gosted satisfactory gap shaps.

When the sp»inner is being designad, the flow quan-~
tity vill determine the inlet-arsa and blade~fairing
details, It 1s obvious that the design flow quantity
should be the sum of the air requiremont of the engine
and the flow through the gap.

———— —— - A A —— —~ S . e v
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. .GONOLUSIONS _

The followlng conclusions are based on a conserva-
tive appralsal 5f the analysis and the test data:

l. The pressures avallable for cooXing in the FNACA
E~-type cowlling cannot be adversely affected by the
spinner-body gap except 1n that the skin~friction and
separation losgas in the spinner may be augmented by the
increased flow rate in the spinnar due to the presence
of the gap.

2. No attempt noed be made to make the gap size very
small. A gap 0.096 inch wide on the model tested (about
1/4 ia. full scale) had a slightly favorable effect on
the avallable cooling pressures.

3. The gap should be designed to provide a flow
passage of minimum maerndynamic lomss. The Joinlng of the
internal and external flows should be effected without
disturbing the extarnsl flow; that 1s, the cowling con-
tour should be undercut slightly behind the grp.

Langley Menorial Aeronsutlcal Laboratory,
Fational Advisory Committee for Asrosaesutices,
Lengley Fleld, Va. ;
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TABLE 1

-INCREMEINTS IN TOTAL PRIESSURE BEHIND SPINNER

DUE TO EFFECTS OF GAP FLOW °

Gap slze

(in.)

Splprer stationary
v/aD = 0

Spinner rotating

Constant flow quantity through

coollng-air duct

Sealed
0. 034
« 096
&, 096

0
. 006
. 011
. 018

Constant flow quantity through spinner

Sealed
0. 034
« 096
&, 096

« 013
. 029
»035

8yith propeller.




NACA Fig. 1

Figure 1.- NACA E-cowling spinner.
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